Lactococcus is a genus of lactic acid bacteria (LAB) that is widely distributed in plants, fishes and other animals. Currently, the genus Lactococcus belongs to the family Streptococcaceae, and nine species of the genus Lactococcus are recognized: Lactococcus lactis (Lister, 1873) , Lactococcus raffinolactis (Orla-Jensen & Hansen 1932) , Lactococcus garvieae (Collins et al., 1983) , Lactococcus plantarum (Collins et al., 1983) , Lactococcus piscium (Williams et al., 1990) , Lactococcus chungangensis (Cho et al., 2008) , Lactococcus fujiensis (Cai et al., 2011) , Lactococcus taiwanensis (Chen et al., 2013) and Lactococcus formosensis (Chen et al., 2014) . L. lactis is further divided into four subspecies: L. lactis subsp. lactis (Lister, 1873) , L. lactis subsp. cremoris (Orla-Jensen, 1919), L. lactis subsp. hordniae (Latorre-Guzman et al., 1977) and L. lactis subsp. tructae (Pérez et al., 2011) . The best recognized habitats of this genus are raw milk, cheese and other dairy products (Stiles & Holzapfel, 1997) . L. lactis is one of the most commonly used species in dairy starters. Its main role in dairy fermentation includes the development of texture and flavour by producing exopolysaccharides and aromatic compounds (alcohols, ketones and aldehydes) through proteolysis and the metabolism of citrate, amino acids and lipids. Species of the genus Lactococcus can also be used for food preservation due to their ability to produce organic acids and bacteriocins, like nisin, and applications as probiotics have been reported (Kimoto et al., 1999; Suzuki et al., 2008) . In the present study, two strains of LAB isolated from milk samples were examined. The morphological and physiological characteristics of the strains, designated 117 T and 4195 T , were determined and sequence analysis of 16S rRNA and rpoB genes was performed to determine their taxonomic position. The results revealed that the two strains represent novel species of the genus Lactococcus, for which the names Lactococcus hircilactis sp. nov. Milk samples were collected from a goat herd reared in Valtellina (Italy) and a bovine herd reared in Valle Trompia (Italy). Strains 117 T and 4195 T were isolated from goat and cow milk, respectively, by using M17 (Merck) agar plates incubated at 30 8C for 18 h under aerobic conditions. Gram reactions were determined after 48 h of incubation on M17 agar and morphological characteristics of the cells were examined by light microscopy. Catalase activity, oxidase activity (Oxidase strips, Sigma) and gas production from glucose were determined. Haemolytic activity was assessed on 5 % blood sheep agar (Biolife) after 48 h of incubation at 30 8C. Growth at different temperatures was observed in M17 broth at 10 8C for 15 days and at 40 8C for 48 h. Salt tolerance was determined in M17 broth containing 3, 4, 5, 6 or 8 % (w/v) NaCl. Growth at pH 4.0, 5.0, 8.0 and 9.0 was determined in M17 broth at 30 8C for 24 h, 48 h and 7 days. The rate of milk acidification was monitored in sterile skimmed milk (Oxoid) at 32 8C and pH values were measured (Portamess 913 pH meter, Knick) for 24 h. Carbohydrate fermentation tests were carried out by using the API 50 CHL system (bioMérieux) and tests for enzymic activities were carried out using the API ZYM system (bioMérieux) according to the manufacturer's instructions. For testing antibiotic resistance, the MIC of ampicillin, vancomycin, gentamicin, kanamycin, streptomycin, erythromycin, clindamycin, tetracycline and chloramphenicol (Sigma) was determined using a microdilution test according to the protocol of Rossetti et al. (2009) . PCR-based detection of genes responsible for resistance to ampicillin [bla, bla(Z) ] and clindamycin [erm(B), erm(C) ] was applied to strains suspected to carry acquired resistance (Hummel et al., 2007; Maietti et al., 2007; Martineau et al., 2000) . Cellular fatty acid composition was determined on colonies harvested from a culture plate at the stationary growth phase, as described by Morandi et al. (2012) . Genomic DNA was extracted from overnight cultures using a chelex-based method according to the procedure described in the MicroSeq protocol (Life Technologies). PCR amplifications and sequencing of the 16S rRNA and rpoB genes were performed using an ABI PRISM 310 automated DNA sequencer (Life Technologies) according to Suárez et al. (2009) . The primers used to amplify and sequence the rpoB gene were rpoB F (59-TACGGKAAACACCGTA-39) and rpoB R (59-TCAARCCAWGCTCCACGG-39), which were previously designed and reported by Pérez et al. (2011) . The sequences obtained were compared with closely related sequences from GenBank using the BLASTN program (http://blast.st-va.ncbi.nlm.nih.gov/Blast.cgi) and aligned using the CLUSTAL W software (http://www.ebi.ac.uk/Tools/ msa/clustalw2/). Phylogenetic trees were reconstructed using the neighbour-joining method with bootstrap analysis based on 1000 resamplings. The MEGA 6.0 software package (http://www.megasoftware.net) was used for all analyses. The DNA G+C content was determined using Sybr Green I fluorescent dye (Invitrogen) and an ABI Prism 7300 Realtime PCR System (Life Technologies) as described by Gonzalez & Saiz-Jimenez (2002) and Xu et al. (2000) . Plasmid DNA was extracted according to the method of Anderson & McKay (1983) . An advanced analysis of phenotypic features was carried out by using the OmniLog Phenotype Microarray (PM) system (Biolog) using PM Plates 1 and 2, containing 190 different single carbon sources in addition to a negative control. Plates were incubated for 48 h at 32 8C in an OmniLog Incubator-Reader (Biolog) and were read every 15 min. OmniLog PM software was used to calculate the area under the curve.
Strain 117
T was a Gram-stain-positive, catalase-and oxidasenegative coccus. It showed a-haemolysis when grown on blood sheep agar at 30 8C. Partial nucleotide sequences of the 16S rRNA (1461 bp) and rpoB (464 bp) genes were determined. Phylogenetic analysis based on the 16S rRNA gene indicated that strain 117 T belongs to the genus Lactococcus.
T clustered with L. fujiensis, supported by a bootstrap value of 94 % ( API 20 Strep and API 50 CHL test strips provided adequate phenotypic data to describe the new isolates and obtain a detailed description of the key phenotypic characteristics (Table 1) . Strain 117 T showed the ability to grow with 3 % NaCl and at pH 5 but, differently from L. fujiensis JCM 16395
T , it grew at 10 8C and did not grow with 4 % NaCl. Strain 117 T was unable to ferment turanose and ribose, whereas it was positive for leucine aminopeptidase but negative for b-glucuronidase activities. The DNA G+C content of strain 117 T was 46.4 mol%. The fatty acid profile of strain 117
T contained saturated and unsaturated straight-chain components. The major compounds detected were C 14 : 0 , C 16 : 0 , C 18 : 1 v7c and cyclo-C 19 : 0 v9c (Table S1 , available in the online Supplementary Material). This strain differed from L. fujiensis JCM 16395 T in all these characteristics as can be seen in Table 1 .
Based on the results of 16S rRNA and rpoB genes sequence analysis, strain 117 T was clearly separated from the other type strains belonging to the genus Lactococcus. Similarly, this novel isolate presented many phenotypic differences from its closest phylogenetic neighbour. In conclusion, the strain isolated from goat milk is proposed to represent a novel species of the genus Lactococcus. The proposed name is Lactococcus hircilactis sp. nov., with 117
T as the type strain.
Strain 4195 T is a Gram-stain-positive, catalase-and oxidasenegative coccus. It showed a weak a-haemolysis when grown on blood sheep agar at 30 8C. T contained saturated and unsaturated straightchain components. The major fatty acids detected were C 14 : 0 , C 16 : 0 and C 18 : 1 v7c. The same fatty acids were also present in L. chungangensis, but the fatty acids profile of L. chungangensis contained four other components at concentrations of less than 10 %, like C 16 : 1 v9c, C 18 : 0 and C 18 : 1 v9c; on the other hand, L. raffinolactis showed a different fatty acids composition, as can be seen in Table S1 . Cells are non-motile, non-spore-forming, Gram-stain-positive, oxidase-and catalase-negative, coccoid-shaped, facultatively anaerobic and grow well aerobically on M17 agar at 30 uC. They are 1.05 mm in size and occur as single cells, pairs or chains. A weak a-haemolysis on blood sheep agar is observed at 30 uC. It grows at 10 uC, with 3% and 4% NaCl, weakly at pH 5, but not at 40 uC, with 6% NaCl or at pH 4. It shows a limited milk acidification capacity, reaching pH 5.8 in 24 h. Ammonia is produced from arginine. Acid is produced from amygdalin, galactose, lactose, sucrose, mannitol, b-gentiobiose and D-xylose, but not from melibiose, raffinose, turanose, ribose or starch. Aesculin is hydrolysed. Leucine aminopeptidase and acid phosphatase are produced, but not b-glucuronidase. (Table 2) . Susceptibility to ampicillin, vancomycin, gentamicin, kanamycin, streptomycin, erythromycin, clindamycin, tetracycline and chroramphenicol is observed. The major cellular fatty acids are C 14:0 , C 16:0 and C 18:1 v7c. It contains three plasmids.
The type strain is 4195 T (5LMG 28353 T 5DSM 28961 T ), isolated from cow milk collected from a bovine herd in Valle Trompia, Italy. The DNA G+C content of the type strain is 41.1 mol%. T determined with the OmniLog Phenotype MicroArray system +, Positive reaction; 2, negative reaction. Oxidation of carbon sources determined using PM plates 1 and 2. OmniLog PM software was used to calculate the area under the curve. Reactions were considered positive when the net area under the curve exceeded the value for the blank three times. 
